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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant (s) : Dr. Peet KASK 
Serial No.: Not Yet Assigned 

Concurrently Herewith 

^fJxJ^S^^^^ ANAYLSIS OF SAMPLES BY DETERMINATION OF A 
FUNCTION OF SPECIFIC BRIGHTNESS 

PiELIMIN&R3LaMENDMENT_IQ_J,ESSJElLEEES 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

Prior to initial examination, please amend the above- 
identified application as follows: 

IN THE CLAIMS 

Claim 3, line 1, change "claim 1 and/or 2", to 
--claim 1--; 

Claim 4, line 1, change «at least one of the claims 1 to 3", 
to --claim 1--; 

Claim 5, line 1, change "at least one of the claims 1 to 4", 
to --claim 1--; 

Claim 6, line 1, change «at least one of the claims 1 to 5", 
to --claim 1--; 

Claim 8, line 1, change "at least one of the claims 1 to 7", 
to --claim 1--; 

Claim 9, line 1, change "at least one of the claims 1 to 8", 
to --claim 1--; 

Claim 10, line 1, change "at least one of the claims 1 to 9", 
to --claim 1--; 

Claim 11, line 1, change "at least one of the claims 1 to 10", 
to --claim 1--; 
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Claim 12, line 1, change "at least one of the claims 1 to 11", 
to --claim 1--; 

Claim 13, line 1, change ""at least one of the claims 1 to 12", 
to --claim 1--; 

Claim 14, line 1, change "at least one of the claims 1 to 13", 
to --claim 1--; 

Claim 15, line 1, change ''at least one of the claims 1 to 14", 
to --claim 1--; 

Claim 16, line 1, change "at least one of the claims 1 to 15", 
to --claim 1--; 

Claim 17, line 1, change "at least one of the claims 1 to 16", 
to --claim 1; 

Claim 18, line 1, change "at least one of the claims 1 to 17", 
to --claim 1--; 

Claim 19, line 1, change ''at least one of the claims 1 to 18", 
to --claim 1--; 

Claim 20, line 1, change "at least one of the claims 1 to 19", 
to --claim 1--/ 

Claim 21, line 1, change "at least one of the claims 1 to 20", 
to --claim 1--; 

Claim 22, line 1, change "at least one of the claims 1 to 21", 
to --claim 1--; 

Claim 23, line 1, change "at least one of the claims 1 to 22", 
to --claim 1-- ; 
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Claim 24, line 1, change ''at least one of the claims 1 to 23", 
to --claim 1--; 

Claim 25, line 1, change "at least one of the claims 1 to 24", 
to --claim 1--; 

Claim 26, line 1, change "at least one of the claims 1 to 25", 
to --claim 1--; 

Claim 27, line 1, change "at least one of the claims 1 to 26", 
to --claim 1--; 

Claim 28, line 1, change "at least one of the claims 1 to 27", 
to --claim 1-- . 

REMARKS 

The foregoing Preliminary Amendment is requested in order to 
delete the multiple dependent claims and avoid paying the multiple 
dependent claims fee. 

Early action on the merits is respectfully requested. 



400 Seventh Street, N.W. 
Washington, D.C. 20004-2201 
(202) 638-6666 

Date: March 10, 1998 
WEP : rms 



Respectfully submitted. 



JACOBSON, PRICE, HOLMAN & STERN, PLLC 




William E. Player 
Reg. No. 31,409 
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Method of analysis of samples by d ^fcggg ^a t i on 
Q£__g f^Jj^tion of sp ec ific brig htness 



The present invention relates to a method for characterizing 
samples having units which emit, scatter and/or reflect radia- 
tion by m.easuring in a repetitive mode a number of photon countis 
per time interval of defined length and determining a function 
of che numiber of photon counts. 

Tne first successful studies on fluorescence intensity fluctua- 
tions were performed by Magde, Elson and Webb {Biopolymers , Vol. 
13, 29-61, 1974} who demonstrated che possibility to detect 
number fluctuations of fluorescent molecules and established 
a research field called fluorescence correlation spectroscopy 
(FCS) , FCS was primarily developed as a method for determining 
chemical kinetic constants and diffusion coefficients. The 
experiment consists essentially in measuring the variation with 
time of the number of molecules of specific reactants in a 
defined open volume of solution. The concentration of a reactant 
is m.easured by its fluorescence from a small m.easurement volume. 
The measurement volume is defined by a focussed laser beam, 
which excites the fluorescence, and a pinhole in the im.age plane 
of the microscope collecting fluorescence. Intensity of fluores- 
cence emission fluctuates in proportion with the changes in the 
numcber of fluorescent molecules as they diffuse into and out 
of the measurement volume and as they are created or eliminated 
by the chemical reactions. Technically, the direct outcome of 
an FCS experiment is the calculated autocorrelation function 
of che measured fluorescence intensity. 
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An important application of FCS is determination of concentra- 
tions of fluorescent species having different diffusion rates, 
in their mixture. In order to separate the two terms in the 
autocorrelation function of fluorescence intensity corresponding 
to translation diffusion of two kinds of particles, at least 
about a two-fold difference in diffusion time is needed, which 
corresponds to an eight-fold mass difference of particles. 
Furthermore, even if one succeeds in separating the two terms 
m the autocorrelation function of fluorescence intensity, it 
IS yet not sufficient for determining the corresponding concen- 
trations except if one knows the relative brightness of the two 
different types of particles. 

Whereas conventional FCS yields rather limited information about 
aggregate sizes from a simple autocorrelation function of fluo- 
rescence intensity fluctuations, possible biophysical applica- 
tions demand the ability to analyse complex mixtures of diffe- 
rent species. For that purpose, Palmer and Thompson studied 
higher order correlation functions of fluorescence intensity 
fluctuations and have outlined methods for determining the 
number densities and relative molecular brightness of fluores- 
cence of different fluorescent species (Biophys. J., Vol. 52, 
257-270, August 1987) . Their technique may in principle proof 
useful in detecting and characterizing aggregates of fluores- 
cent-labeled biological molecules ' such as cell surface recep- 
tors, but has a major disadvantage of being rather complex, so 
that data processing of an experiment including the calculation 
of high-order correlation functions lasts hours. 

A considerably less complicated method than calculation of high 
order auto-correlation functions for characterizing mixtures 
of fluorescent species of different specific brightness is 
calculation of higher order moments of fluorescence intensity 
out of the experimentally determined distribution of the number 
of photon counts. This method was presented by Qian and Elson 
(Biophys. J., Vol. 57, 375-3S0, February 1 9S0 ; Proc . Natl. Acad. 
Sci. USA, Vol. 87, 5479-5483, July ] 990). In their demonstration 
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experiments signal acquisition times of about 7 minutes were 
used for a relatively favourable experimental system of two 
kinds of fluorescent particles which differed by 30-fold in 
their specific brightness, the mixture of monomers and 30-mers. 
The method of moments is relatively simple and fast in calcula- 
tions, but it allows to determine only a limited number of 
unknown parameters characterizing the sample because usually 
only about three or four first moments of f laiorescence intensity 
can be calculated from the experiment with precision sufficient 
for further analysis. 

Because of this reason, the method of moments is hardly suitable 
for characterizing complex samiples or selecting between compe- 
ting models of the sample or checking whether the given model 
is appropriate. 

One object of the invention is to obtain reliable information 
about a sample having units emitting, scattering and/or reflec- 
ting photons, which renders possible an analysis of the sample 
wirh respect to certain ingredients or with respect to certain 
states of the sample. 

Another object of the present invention is to substantially 
extend the useful information obtainable from the experimentally 
determined function, preferably distribution of the number of 
photon counts. 

The objects of the present invention are solved with the method 
having the features of claim 1. 

The term, "unit of a sample" refers, in general, to subparts of 
the sample which are capable of emitting, scattering and/or 
reflecting radiation. A sample might contain a number of identi- 
cal units or different units which preferably can be grouped 
into species. The term "different species" refers also to 
different states, in particular different conformational states, 
of a unit such as a molecule. Fluorescent ly labelled or natural- 
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ly fluorescent molecules, molecular complexes, vesicles, cells, 
beads and other particles in water or other liquids are examples 
of fluorescent units in liquid samples, while examples of 
fluorescent units of a solid sample are impurity m.olecules, 
atoms or ions, or other fluorescence centers. 

What is meant by the term "specific brightness" of units in the 
sense of the present invention is a physical characteristic 
expressing in v/hat extent a unit of given species is able to 
emit, scatter and/or reflect radiation/ preferably light. It 
is thought to characterize single units, preferably particles, 
and therefore the value of specific brightness is not depending 
on concentration of the units, neither on the presence of other 
units. Thus, a change of the total count rate of photons emit- 
ted, scattered and/or reflected from the measurement volume, 
if only due to a change in concentration of the total number 
of units , does not influence the measured value of speci f ic 
brightness and the value of the ratio of numbers of units of 
different species determined by the present invention. Specific 
brightness is usually expressed in terms of the mean count rate 
per unit which is a weighted average of the count rate ov€er 
coordinates of the unit in the measurement volume. In some 
cases, one might prefer to express specific brightness in count 
rates corresponding to a unit positioned in a place where the 
count rate has its top values. This could e.g. be the center 
of the focus of an incident beam. 

The importance of the present invention for the analys is of 
samples may be illustrated by the following, non-limiting 
example: Assuming that a solution contains a quantity (a) of 
one type of particles (A) with a respective specific brightness 
(la) and a quantity (b) of another type of particles (B) with 
a respective specific brightness (lb), the overall counc rate 
of photons emitted by the solution depends on the expression 
Ia*a -r- Ib*b, Thus, by mere dererminat ion of the overall count 
race, it is not possible to dissolve the value of a and/or b. 
General] y, in r luorimet i:~ic measurements, the overall counn rat:e 



of at least one type of particles is determined in an indepen- 
dent experiment. If the total number a+b of particles does not 
change with respect to this measurement, the ratio a/b or its 
inverse can be determined by mere determination of the overall 
count rate of the mixture in a second measurement. However, the 
assumption, that the total number a+b does not change between 
the two measurements, is often wrong. For example, adsorption 
effects of particles to surfaces may occur. Fluorimetric mea- 
suarements cannot verify the total number of parci.cles a + b 
independently. The present invention overcomes these restric- 
tions. From, one measurement, the numbers of particles a and b 
can be determined without any prior information of their respec- 
tive specific brightnesses. 

Ic is to be understood that the fcllowi.ng description is inten- 
ded to be illustrative and not restrictive. Many embodimen"s 
will be apparent to those of skill in the art upon reviewing 
the following description. By way of example, the invention will 
be described primiarily with reference to m.easuring numbers of 
photon counts from light emitted by fluorescent: ly labelled 
particles in a sample. For example, in some embodiments it may 
be desirable to measure numbers of photon counts of other origin 
than fluorescence . 

The present invention provides a method for calculating the 
expected function, preferably the distribution of the num.ber 
of photon counts corresponding to given real equipment and 
samples of given composition. The ability to predict the distri- 
bucion of che num.ber of counts corresponding to samples of given 
composition allows, when studying samples of unknov^n composi- 
tion, -co find out the model of the sample yielding the cl.osest 
fit between the calculated and the experimentally determ.ined 
distribution of the number of photon counts. What is mieant by 
the composirion of the sample here is the specific brightness 
and concentration of units present in the sample. For example, 
a solution of a single fluorescent dye is characterized by two 
param.euers : the concentration and specific brightness of the 
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dye molecules. A mixture of two fluorescent dyes is characteri- 
zed by four parameters: the concentrations and specific bright- 
nesses of the two kind of molecules. A complex mixture can be 
characterized by the distribution function of concentration 
versus specific brightness of molecules. Conveniently, concen- 
tration is expressed as the mean number of units per measurement 
volume, and specific brightness is expressed as the mean count 
rate per unit. Preferably said units are particles. 

From the other side, the function, e.g. the distribution of the 
number of photon counts depends not only on composition of the 
sample, but also on equipment: first of all, on the spatial 
brightness function characteristic to the optical set-up, and 
on some characteristics of the detector like its dark, count 
rate, its dead time and probability of af terpulsing . In the 
interest of a high quality of analysis, v;hich is indicated by 
achieving a close fit between the experimentally determined and 
the calculated curves, it is preferred to characterize the 
equipm.ent adequately-. 

Claim 1 does not cover the method described by Qian and Elson, 
as their method compares estimated and calculated moments of 
the distribution of light intensity, but not directly the 
distribution of the number of photon counts. Qian and Elson' s 
teaching misses the teaching of the present invention. 

According to the invention, a new quality of analysis of samples 
containing units, preferably particles, which emit, scatter 
and/or reflect radiation, preferably light, becomes possible. 
In a first step, a number of photon counts from radiation 
emitted, scattered and/or reflected by the units in the sample 
is measured per time interval of defined length in a repetitive 
mode. A series of different time intervals can also be used for 
a more complex analysis. In step 1, the number of photon counts 
is measured in a repetitive mode, i.e. the number of detected 
photons is counted preferably many times, repeating the proce- 
dure in a se^ries of preferably consecutive cime intervals, i.n 
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order to obtain statistically meaningful data. The length of 
the time interval is the duration of the time interval during 
which the number of photon counts is determined. The length of 
the time interval is usually expressed in microseconds or 
milliseconds or other units of tim.e. 

In a second step of the method according to the invention, a 
funccion, preferably a disci"ibut ion of the number of photon 
counts per said tim.e interval is determined, which means that 
It is determined how m.any times one has obtained a certain 
number of photon counts. The distribution is a function of the 
number of photon counts, expressing either the relative or 
absolute number of observed (or expected) events when a particu- 
lar num.ber of photon counts was (or is) obtained. 

In a third step, the experimentally determiined distribution of 
photon counts is analyzed directly without intermediate steps 
to obtain a function, preferably a distribution of specific 
brightnesses of the units in the sample. 

It is preferred that at least one detection means monitors said 
number of photon counts. Any detector which is capable to detect 
radiation emitted, scattered and/or reflected by units of the 
sample may be used, said radiation arising preferably out of 
at least one measuremient volume. Appropriate detection means 
such as an avalanche photo-diode, a photomultiplier or conven- 
tional photo-diodes are well known to those of skill m the art. 
It m.ight: also be preferred to use a mul t idetector consisting 
of a monolichic configuration of a plurality of detectors, 
especially if one wanes to measure a set of samples in parallel 
as it is the case in miniaturized high throughput screening. 
It might further be preferred to use a two-dimiensional multi- 
array detector. 

In the sense of the present invention, particles are preferably 
luminescent ly labelled or unlabelled, preferably naturally lumi- 
nescent, molecules or macromolecules , or dye molecules, mojecu- 
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lar aggregates; complexes, vesicles, cells, viruses, bacteria, 
beads, or mixtures thereof. 

The luminescence properties of the units can be varied by conju- 
gating them with a specific luminophore via different linker 
molecules. It might be preferred to use polymeric linker mole- 
cules consisting of a varying number of equal or different mono- 
mers . 

It may be advantageous to provide at least one of the units with 
a specific site to which an affinity substance having detectable 
properties will bind. 

In a preferred embodiment, at least one of the units has a tag 
of histidine residues to which an affinity substance such as 
a chelate complex can bind. It might be preferred to use com- 
plexes of nickel -nitrilotriacetic acid (Ni-NTA) and a lumines- 
cence label as said affinity substance. In a further preferred 
embodiment, said complex contains two or m.ore chelating groups 
and at least one luminescence label . 

The luminescence properties of the units may also be varied by 
conjugating them with a first molecule, as e.g. biotin, which 
binds a luminescent ly labelled second molecule, as e.g. lumi- 
nescently labelled avidin or streptavidin , or vice versa as it 
is described in detail in examiple 3 . 

Luminescence properties of a unit can also be changed by energy 
transfer. Energy absorbed by a donor is transferred upon close 
contact to a luminophore of an acceptor and subseq^aently em.ir.ted. 

In a further preferred embodiment, the units, preferably parti- 
cles, each carry a number of binding sites for luminescent 
particles. Luminescent particles can directly or via secondary 
molecules bind to these binding sites. Since highly luminescent 
particles are generated when many luminescent particles bind 
to the binding sites of the first particles, the miethod accor- 
ding CO the invencion is able to distinguish easily between 
particles with a large difference in lumLinescence intensity, 
so chat even a small amount of bound luminescent particles can 
be mieasu red in presence of an excess concentration of free 



luminescent particles. This embodiment provides a new analysis 
of particles which do not carry a luminescent label by binding 
to a second particle which is luminescent ly labelled, but whose 
brightness does not change upon binding. A commercially very 
important application of this method is the measurement of 
fluorescent ly labelled antibodies binding to an antigen, while 
the antigen is binding to at least one of the multiple binding 
sites of the particle v/hich is preferably a bead, or vi.ce versa. 
The method can also be applied to other types of interactions 
sucn as nucleic acid hybridization or protein/nucleic acid 
interaction. The invention can also be applied for the analysis 
of distribution characteristics of said particles, such as for 
quality control and process control of polym^ers or oligomeric 
suspensions of particles. In addition, surface areas of parti- 
cles can be analyzed as well as distributions of surface areas 
of particles. 

In a preferred embodiment, one type of particle, subsequently 
denoted A, carries more than one binding site. Another, lumines- 
cent type of particles, subsequently denoted C, can bind (i) 
either directly to at least one of the binding sites of particle 
A, or (ii) binds to at least one binding site of a molecule B, 
which in turn binds to at least one of the binding sites of 
particle A. These bindings may be mediated either by naturally 
occurring binding sites on the particles, or mediated by intro- 
duction of specific binding sites to the particles A, B and/or 
C. Since in both cases more than one of the particles of type 
C may bind to particle A, the complex will emdt more photons 
than free particles of type C. This embodiment provides a 
convenient way to measure binding of particles of type 3 to a 
particle of type C or A, although the particle of type B is not 
luminescent ly labelled . 

In a further preferred em«bodiment , the measurement volume is 
only a part of the total volumie of the sample and said units , 
preferably particles, are diffusing and/or oeinc actively 
transported into and out of said measurement volume and/or the 



sample is actively transported and/or optically scanned. If said 
units, e.g. fluorescent particles, are sufficiently small, then 
diffusion is fast enough for data acquisition from a great 
number of independent measurement volumes, and data acquisition 
using time averaging is nearly identical to ensemble averaging, 
liowever, if the characteristic time of diffusion is substantial- 
ly longer than the time interval necessary for measuring fluo- 
rescence intensity (which is usually 10 to 50 fis) , then active 
transport (flow or scanning) can considerably save time of data 
acquisition . 

The measuremient volumes can preferably be arranged on two- 
dimensional carriers, such as membranes or sheets having wells. 
Suitable carrier systems are e.g. described in WO 94/16313 
(EVOTEC BioSystems GmbH) . The mieasuremient volum.es might also 
be arranged in a linear way, as e.g. in a capillary system. 

in fluorescence studies, it may be advantageous to take measures 
for reducing the background count rate, arising from Raman 
scattering in the solute material and dark count rate of the 
detector, with respect to the count rate per particle. In 
particular, it is in some cases preferred to use measurement 
volumes smaller than 100 /im"", m^ore preferably about 1 fim^ , 
Advantageously, the high signal to background count rate and 
the small optical measurement volume may be achieved by using 
at least one microscope objective, preferably with a numerical 
aperture > O.S, in a confocal m.anner for both focussing an 
incident laser beam and collecting radiation, preferably light, 
emitted, scattered and/or reflected by units, preferably parti- 
cles, in said samples. A confocal microscope set-up is prefera- 
bly used which comprises at least one m.icroscope objective, a 
dichrcic mirror, a pin-hole in the image plane of said micro- 
scope objective, a detection means, a data acquisition means, 
and optionally m^eans for scanning and/or actively transporting 
the samiple. A suitable device is disclosed in WO 94/16313 
(EVOTEC BioSystems GmbH) . In a preferred embodiment the pin-hole 
might be replaced by an appropriate detector, as it :s also 
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described in WO 94/16313. It might further be preferred to 
choose a working distance between the microscope objective and 
the measurement volume in such a way that background contribu- 
tions are minimized. Preferably, the vjorking distance should 
be smaller than ICOO /im. 

In a preferred em.bodiment of the method, multiple photon excita- 
tion is used to excite a particle. Multiple photon excitation 
means that the sum, difference or any combination of wave 
frequences of two, three or more photons is used for excitation 
of the secondary emission of the sample v;hich can be e.g. 
luminescence or second order Raman scattering. Such an excita- 
tion scheme has an advantage in the sense that the excitation 
probability is not linearly dependent on excitation intensity, 
but on the second or higher power. Thus, the multiple photon 
excitation is mostly limited to the volume of the laser focus, 
whereas outside the laser focus no spurious excitation is 
generated. Appropriate laser sources of picosecond or subpicose- 
cond pulses are well known to those of skill in the art. The 
present invention profits fromt such an excitation scheme in the 
sense that less background is generated compared to single 
photon excitation, and that there is no pinhole necessary to 
restrict the measurement volume. Thus, the pinhole diameter and 
its imaging on the detector do not enter as modelling parameters 
in the spatial brightness function any more. 

In a further preferred em.bodiment, the m.easurement volume is 
restricted by the use of elements of near field m.icroscopy. 
These can be used for focussing nhe excitation radiation of the 
units, and/or collecting the radiation emitted, scattered and/or 
reflected by the units. Near field optical microscopy means here 
that the light passes through an aperture wi;ih at least one of 
its dimensions being smaller than the wavelength of the J ighr 
used and which is in direct concact to the measurement volume. 
The aperture may consist of an opaque layer with ac lease one 
hole of said diameter or at least one slit of appropriate width 
and/or a capered glass fiber or v^avc guide v;i*ch a tip dia;i;etc?r 
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of said width, optionally coated with an opaque layer outside, 
A suitable device is disclosed in WO 96/13744 and in the German 
patent 44 38 391 (EVOTEC BioSystems GmbH) . 

Another preferred embodiment combines near field optical micros- 
copy for the excitation light path, and conventional optical 
m.icroscopy for the emission light path, or vice versa. The 
present invention profits from such a realization in the sense 
that the size of the measurement volume is reduced compared to 
conventional confocal microscopy. Thus, the present invention 
can be used to measure higher particle concentrations as with 
other optical schemes. 

A sample is usually characterized by values of concentration 
and specific brightness of one or more species of units, e.g. 
types of fluorescent particles, in cases when one or more of 
these values are known beforehand, the goal of analysis is to 
determine unknown values, either those of concentration, or 
specific brightness, or both. 

Two alternative methods for selecting the model yielding a fit 
between the experimentally determined and calculated functions, 
preferably distributions of the number of photon counts can be 
used. In one embodiment, the well-known least squares fitting 
method, where the sample is described by a finite (usually 
small) number of parameters, can be employed. The purpose is 
to find values of the parameters yielding the closest fit 
between the experimental and the calculated curves. According 
to the invention, values of concentrations and/or specific 
brightnesses of a number of species of units, e.g. types cf 
fluorescent particles, can be estimated. In a further embodi- 
ment, another general method called inverse t ransf ormiat ion with 
linear regularizac ion (ITR) can be emtployed. ITR describes the 
sample using a semi - cont inuous distribution function of units, 
preferably particles, versus their specific brightness, and 
searches for the closest fit demanding that the solution is a 
smoov. h function (For the method of ITR, see, e.g., W. K. Press, 
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S. A. Teukolsky, W, T. Vetterling, B. P. Flannery, Numerical 
recipes in C: the art of scientific computing, second edition, 
Cambridge University Press, 1992, p. 808) . It might further be 
preferred co use an inverse transformation with constraints 
(ITC) or an inverse transformation with regularizat ion and 
constraints (ITRC). Because of statistical errors and limited 
sizes of measured data, inverse transformation is often an ill- 
posed mat hemiac ical problem, characterized by v/ild oscillations 
in its outcome. ITR, ITC and ITRC stabilize the mathematical 
problem by looking for a "regular" (e.g. a smooth) or constrai- 
ned solution, for example by minimizing the sum. of squared 
deviati.ons of statistical data and a function of the soJution 
itseif, penalizing "irregular", usualj.y irreproduci.ble struc- 
tures m the outcome, or values having no physical meaning. An 
example for constraining is disallowing negative values for 
concent rat ion . 

In the following, the invention is further illustrated in a non- 
limiting manner. Particularly, it is described how the expected 
distribution of the number of photon counts is determined. 

A preferably miany times repeated step in the calculation of the 
probability distribution of the number of photon counts is 
calculation of the probability distribution of the number of 
photon counts emitted, scattered and/or reflected by single 
species from a spatial section of the measurement volume with 
a constant value of spatial brightness. It is well known that 
the probability distribution of the numiber of particles in an 
open volum.e is Poissonian. Also, if the number of particles 
inside tne spatial section is given, the number of detected 
photons per sampling tim^e interval is Poisson distributed. 
Consequently, the overall distribution of the number of photon 
counts emitted, scattered and/or reflected by single species 
from a spacial section of constant brightness and detected by 
an ideal detector is compound Poissonian. 



As the next step, one may study the case in which the measure- 
ment volume is divided into a number of spatial sect ions of 
constant brightness. If the values of volumes and spatial 
brightnesses in each of the sections are known, the distribution 
of the number of photon counts corresponding to each section 
can be determined separately. All these distributions are 
compound Poissonian. Furthermore , if distributions of the number 
of photon counts for all sections were known, the overall 
distribution can be determined through convolutions, using the 
fact that the total number of counts is the sum of the number 
of counts originating from different sections of the measurement 
volume . 

As the following step, one may study a mixture of species, e.g. 
mixtures of fluorescent particles havj.ng different values c:: 
specific brightness. Each spatial section of the measurement 
volume can be divided into a number of abstract subsections each 
containing only particles of a single species. A similar proce- 
dure can be applied now as described above for spatial sections 
of the measurement volume in order to determine the overall 
distribution of the number of photon counts. 

An experimentally determined distribution of the number of 
photon counts is ruled not only by properties of the light beam, 
but is influenced also by nonideal properties of the photon 
detector. Stochastically, the dark counts of the detector behave 
i2:i the same manner as photon counts from background light of 
constant intensity. Their contribution are photon counts of 
Poisson distribution. Also, the way how the dead time of the 
detector and its afterpulsing distort the distribution of photon 
counts are known from, literature on photon statistics (see e.g. 
B, Saleh, Photoelectron Statistics, Springer, Berlin, 1978). 

In summary, the expected distribution of the numiber of photon 
counts is determined, from one side, by characteristics of the 
sam.ple (concentrations and specific brightnesses of fluorescent 
particles of. different kind), and, f romi the other side, by 
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characteristics of the equipment (the sampling time interval, 
the spatial brightness function, the background count rate, the 
dead time and the afterpulsing probability of the detector) . 

In one embodiment, both the dead time and the afterpulsing 
probability of the detector are determined from experimients in 
which the distribution of the number of photon counts corre- 
sponding to light of constant intensity is determined. Correc- 
tion for the dead time of the detector may be performed on the 
basis of a formula derived by Cantor and Teich (J. Opt. Soc . 
Am. 65, 786,1975; see also B. Saleh, p. 272-277). Mathemat.ics 
of afcerpulsing is simple: each photon pulse can be followed 
by another (artificial) pulse; this happens usually with a 
constant probability . 

According to the invention, it is preferred that the spatial 
brightness function is characterized using experiments on a 
single species of particles. For example, if the laser wave- 
length 514,5 um is used, then a solution of Rhodamine 6G is a 
convenient sam.ple which can be used for characterizing the 
sparial brightness function. 

What characteristics of the spatial brightness function can be 
employed when determining the expected distribution of the 
number of counts are values of volumes of the sections of rhe 
measurement volume corresponding to a selected set of values 
of the spatial brightness. Typically, a set of twenty or thirty 
values of the spatial brightness positioned at a constant 
distance from each other m the logarithmic scale have been 
selected, covering tv;o or three orders of magnitude. Contribu- 
tion from, the lower brightness areas can be accounted for by 
a single parameter, their relative contribution to fluorescence 
intensity. Intensity fluctuations of this light can be neglect- 
ed. Because of the large number of the sections of the measure- 
ment volum.e, it would be less preferred to consider volumes 
corresponding to each of the sections as i.ndependenc variables. 
Tt is converrient to consider them, as variables depe:]ding on a 
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few other parameters, and determine the values of these parame- 
ters which yield the closest fit between the experimentally 
determined and the calculated distribution of the number of 
photon counts. Conveniently, a relatively simple m.odel of the 
optical set-up is applied, which is not accounting for aberra- 
tions of the optics used, and which determines volumes of the 
sections of the measurement volume. For instance, the volumes 
of the sections depend on values of the convergence angle of 
the laser beam and the diameter of the pinhole. It might there- 
fore be preferred to use che pinhole dimensions and the conver- 
gence angle of the incident laser beam as modelling parameters 
of the spatial brightness function. 

Alternatively, simple machemtat ical expressions with formal 
parameters can be used instead of physical, models for determin- 
ing the volumes of spatial sections. The values of the formal 
parameters should preferably be selected in such a way that the 
closest fit between experimental and calculated distributions 
of Lhe number of photon counts is achieved. Formal flexible 
expressions are advantageous because they yield a good fit 
between experimental and theoretical distributions of the number 
of photon counts. Secondly, calculations based on simple mathea- 
matical expressions are very fast compared to those based on 
physical m.odels . 

According to the invention, it may in some cases be preferred 
to select the length of nhe sampling time interval in such a 
way that in average more than one, preferably one to ten, countis 
per unit are yielded . 

It may furcher be preferred that the length of the time interval 
is in average smaller than the characteristic correlation time 
of radiation intensity fluctuations. 

If more than two unknown parameters of the sample have to be 
estimated, it is preferred to have no more than a few, prefera- 
bly about one unit, preferably particle, per measurement volume. 
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111 IS preferred to have less than 10 units per measurement 
volumes to obtain good signal-to-noise ratios. 

In one embodiment, at least one individual unit is statistically 
analyzed in terms of its specific brightness which may fluctuate 
or change non - s tochas t ical ly . 

The method of the present inventi.on is particularly advantageous 
because inf orm.acion losses and distortions are kept miinimal . 
Furthermore, a new quality attainable by the present invention 
is that the data processing depends less on a definite mathemat- 
ical model of the sample compared to the other techniques which 
are state of the art. 'Jiiis means that the method is more reli- 
abJ.e in terms of long term stability of an instrumental realiza- 
uion, and that any dist urban ion of the measuremient volume oy 
e.g. turbid samples or particles inside the laser beam does not 
significantly influence experimental results. 

A further new quality attainable by the present invention is 
that the s ignal - to - noi se ratio is much better compared to the 
techniques of the prior art. This means that experiments can 
be made within significantly shorter time (up to 100 fold 
shorter) than previously, showing the same signal-to-noise ratio 
as previous long term experiments. Since photo-bleaching of 
fluorescent molecules or f luorescently labelled molecules is 
an unsolved problem so far with any applied measurement tech- 
nique in chis field, especially when applied to cells, one is 
restricted to short measuremient times. Thus, compared to the 
prior art, the present invention is advantageous for measure - 
micnts inside cellular systems. 

In one preferred em.bodimient , the present invention is realized 
m the field of fluorescence intensity fluctuation studies. The 
optical equipment is a conventional confocal FCS microscope 
equipped with a cvj laser of visible light. The excitation laser 
beam: is focussed into a sample which is a hom^ogeneous water 
solution of a low concentration, typically in the nanomolar 



range, of fluorescent material. Fluorescence emission from a 
microscopic confocal volume of about 1 ^m^ is collected on a 
photon detector. The measurement time which is typically 1 to 
60 seconds is divided into hundreds of thousands time intervals 
of typical width of 10 to 50 ^s . The highest number of photon 
counts typically obtained in this experimental realization of 
'che invention herein described is between 10 and 3.00. 



The method according to the present invention is particularly 
well suired for use in high throughput screening, diagnostics, 
monitoring of polymerization, aggregation and degradation 
processes, or analytics of nucleic acids. 



In screening procedures, substances that are possibly pharmaco- 
logically active can be analyzed through their interaction with 
specific receptors by examining said interaction v;ith. binding 
of a luminescent ly labelled ligand to receptors wherein natural 
recepnors on cheir carrier cells as well as receptors on recep- 
tor- overexpressing carrier cells or receptors on vesicles or 
receptors in the form of expressed molecules or molecular 
complexes may be used. Moreover, the interaction of substances 
with enzymes in solution or in their genuine cellular environ- 
ment can be detected by monitoring a change of the substrate 
of the enzyme / e.g. a change in brightness. Further applica- 
tions, especially concerning the performance of assays, are 
disclosed in WO 94/16313 (EVOTEC BioSystems GmbH) . 

For the detection of specific recognition reactions, potential 
active substances can be present in complex natural, synthetic 
or semisynthecic m.ixtures which are subjected to separation- 
prior CO analysis. These mixtures can be separated first e.g. 
by chromatography to test the individual fractions for the 
presence of functional comipounds preferably "on line" in a 
capillary at uhe end of a separation matrix. The coupling of 
fractionating m.ethods with FCS detection is described in detail 
m WO 94/16313 (EVOTSC BioSystems GmbH) . A similar set-up can 
be used with respect to the present invention. 



Ofren, aggregation and degradation are phenomena to be moni- 
tored. Aggregates display brightnesses different from the 
monomers and can be monitored according to the present inven- 
tion - 



In sequencing according to the mechod of Sanger, oligomers of 
different length, of which the terminating nucleic acid is 
labelled with a dye, are identified. Advanced techniques, as 
e.g. the one described in DE 38 07 975 Al , use dyes which 
exhibit different properties, such as fluorescence lifetime, 
according no the type of base r.hey are attached to. The determi- 
nation of a base is much more secure if several properties, such 
as fluorescence lifetime and brighrness, or any other specific 
physical property, are dererm.ined and cross checked for consis- 
tency. In a preferred embodiment, the sample to be sequenced 
is separated by gel or capillary electrophoresis, or a separa- 
tion step is conducted by capillary elect ro - chromatography , 
eleccrohydrodynamic migration or related electrokinet ic methods . 

Example 1 

The nature and advantages of the invention may be better under- 
stood on the basis of the following example where a mixture of 
rhodamine dyes is analyzed. Figures 1 to 7 illustrate consecu- 
tive steps of the analysis and their results. 

Figure 1 . Distributions of the number of photon counts experi- 
mentally determined at constant light intensities, time interval 
of 10 lis and data collection time of 50 s. From curve fitting, 
the dead timie of the detector was estimated to be 28 + 4 ns ; 
afterpulsing probability 0.0032 ± 0.0008. In the lower graph, 
weighted residuals of the curve fitting are presented. 

^'igure 2 . Distribution of the number of photon counts experim.en- 
tally determined for a solution of rhodamine 6G at time interval 
of 40 /is and data collection timie of 50 s. 
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F iqu re^3 . Normalized sizes of volumes of the twenty spatial 
sections of the measurement volume of the highest brightness. 
Section 0 corresponds to the maximal value of the spatial 
brightness while section 19 corresponds to about 100 times lower 
brightness. Sizes of volumes are determined from experimients 
on single fluorescent species. 

F:.gure 4 . Residuals of curve fitting corresponding to an experi.- 
menc on rhodamine 6G solution (the experiment graphed by Figure 
2) . 

J^^'igure b. Distribution of the number of photon counts experimen- 
tally determined for three samples at time interval of 4 0 us 
and data collection time of 50 s. The dist rd.but ion corresponding 
to rhodamine 6G is the same as in Figure 2 . 

Figure 6 . The results of the inverse transformation with linear 
regularization applied to the data of Figure 5. 

Figure 7. Residuals corresponding to analysis of an experiment 
on the mixture solution of rhodamine 6G and tetramethylrhodamine 
(measured data in Figure 5). Graph a: expected curve was ob- 
tained by inverse transformation with linear regularization. 
Graph b: expected curve was obtained by the least squares 
fitting of the experimental data. Graph c: residuals of the 
least squares curve fitting under a wrong assumption of single 
species . 

As the first preparatory step of analysis, the dead time and 
the afcerpulsing probability of the photon detector are estima- 
ted. This was done by determ.ining the distribution of the number 
of phocon counts under illumination of the detector by light 
of constant intensify. Since the dead tim^e distortions are most 
noticeable at high count rates while the afterpulsmg distor- 
tions are betcer resolved at low count rates, uhe values of the 
aead time and the probability of afterpulsing were decermmed 
by joint:ly fitting discribuc ions of che number of photon counts 
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determined at a relatively high and at a relatively low il].umi- 
nation intensity. The experimentally determined count number 
distributions are presented in Figure 1, together with residuals 
of the curve fitting. Values of the estimated parameters for 
ehe photon detector which have been used are: dead time 28 ns, 
afterpulsing probability 0.003. 

The background count rate of the equipment is determined by 
measuring the count rate when the sample holder is filled v^iiih 
pure water. 

As the second preparatory step, the spatial brightness distribu- 
tion corresponding to a gi.ven optical set-up v;as charac:: er i zed . 
l"or that purpose, the distribution of the numoer of photon 
counts corresponding to a solution of rhodamme GG was experi- 
mentally determined (Figure 2) . if the spatial brightne53s 
distribution is appropriately characterized, then the calculated 
curve fits the experimental curve. In order to numerically 
calculate the expected distribution of the number of photon 
counts, values of twenty one parameters characterizing the 
spatial profile are needed in our program: twenty sizes of 
volumes corresponding to twenty spatial sections of the highest 
values of spatial brightness, and the relative contribution to 
fluorescence light originating from areas of lower spatial 
brightness. In order to calculate values of these unknown 
parameters, a simple model of the optical equipment not account- 
ing for aberrations was taken into use. As illustrated by Figure 
3, the determined sizes of the twenty volumes are reproducible, 
even if other species than rhodamine 6G are used. 

Having determiined values of rhe twenty one parameters characte- 
rizing the spatial brightness distribution in the way just des- 
cribed above, the calculated distribution of the number of pho- 
ton counts indeed fits the experimentally curve, see P'igure 4. 

After r.he preparatory steps described above the equipm.ent i.s 
ready for analysis. In Figure 5, d i. st r ibu t i ons of the number 
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of phocon counts corresponding to three different samples are 
presented. In Figure 6, the results of the inverse transforma- 
tion v;ith linear regularization are graphed. Both spectra 
corresponding to single species (rhodamine 6G or tet ramethylrho- 
damine) have a single peak, but the peaks are centered at 
different values of specific brightness. The peak of rhodamine 
6G is situated at about 108 kHz/molecule, v.^nereas the peak of 
tetramethylrhodamine is centered at about 37 kHz /mo].ecule . This 
indicates thac a rhodamine 6G molecule is about 3 times brighter 
Chan a tetramet hylrhodamine molecule. The 'spectrum corresponding 
CO che m.ixture of the two species has two peaks centered indeed 
near che values obtained for the two species separately. 

I'^igure 7 illustrates the residuals correspcnci.ng to the m.easure- 
mencs of the mix/cure of rhodamine 60 and cer ram.ethylrhodamine . 
Different methods of data processing yield slightly different 
fit curves (and different residuals) . The upper graph corr€;- 
sponds to the spectrum of specific brightness obtained by 
inverse transformation with linear regularization. The middle 
graph corresponds to the fit curve obtained assuming two spe- 
cies. These two graphs are nearly identical. The experimentally 
determ.ined distribution of the number of photon counts can 
formally be fitted under the wrong assumption of single species, 
which is shown in the lower graph, but the fit curve is obvious- 
ly apart from the experimental one. 

Exam.ple 2 

To further demonstrate the usefulness of the present invention, 
a hybridization process was studied using a conventional confo- 
cal FCS microscope. A m^odel system based on the interaction of 
uwo 32-base oligonucleotides, both labelled with the fluorescent 
dye TAKRA (5- (and 6-) carboxynetramethylrhcdamine) , has been 
investigated. The sequence of these oligonucleotides included 
a site for the restriction enzym.e EcoRI enabling the cleavage 
of the primer dimer. This rescriction analysis was used as a 
control in order check the specificity of the results obtained 
by ihe method according to the present ir.vcriu.:on. 
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The hybridization was performed in a 10 mM Tris buffer {pU 7.4) 
containing 1 mM EDTA and 100 mM NaCl , the restriction analysis 
in 50 mM Tris-HCl (pH 7.5), 10 mM MgCl^, 100 mM NaCl , 0.2% 
Triton X-100. The measurement time for each analysis was 30 
seconds . 

Figure 8. Number of particles per volume element as a function 
of their specific brightnesses. 

The analysis of the TAMRA- labelled single -strand oligonucleoti- 
des revealed a single characteristic fluorescence intensity peak 
of 45 kHz for oligonucleotide A (Figure 8a), and of 20 kHz for 
oligonucleor,idc-: B {Figure Bb) upon excitation at: 543 nm. . 

The hybridization of the oligonucleotides A and B resuJ.ced in 
a single intensity peak of 35 kHz (Figure 8c) indicating that 
the hybridization was complete. From the intensity values of 
the individual oligonucleotides, one would have expected an 
intensity peak of 65 kHz for this primer dimer. This discrepancy 
in the intensity can be explained by the occurrence of dye- 
nucleotide interactions and electron transfer- induced quenching. 

Further evidence that the 35 kHz intensity peak represents the 
primer dim.er is given by an cleavage experiment using EcoRI 
(Figure 8d) . Restriction cleavage of the annealed primers 
results in an intensity peak of 20 kHz. The broadening of the 
intensity distribution indicates that the reaction v^?as not 
complete . 

These experiments dem^onstrate that the method according to the 
present invent ion is well - suited for studying hybridizat ion 
processes which play an imiportant role for the detection and 
characterization of pathogens. The ability of the method accord- 
ing to the present invention to measure the activity of a 
restriction endonuclease was also demonstrated by this series 
of Gxperi me n t s , 
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Example 3 

Biotin labelled with the following different dyes 

a) 5- (and 6-) carboxy-X - rhodamine (abbr. ROX) 

b) 5- (and 6-) carboxytetrainethylrhodamine (abbr. TAMRA) 

c) Rhodol Green" 

d) Rhodamin Green'" 

e) Resorufine 

f) Texas Red" and 

g) Rhodamine B 

with and wichout a spacer molecule (abbr. Sp . ) as well as their 
mixtures v/ith streptavidin have been analyzed according to the 
method of the present invention in order to mionitor quenching 
effects of differently labelled biotin upon streptavidin bin- 
ding . 

Figure 9 shows the specific brightnesses of the different 
molecules. The presence of streptavidin is indicated by " -i- " , 
whereas its absence is indicated by 

Example 4 

The following example proves that the method 
present invention is valid for the measurement 
to receptor populations on membrane vesicles. 

The use of crude biological material such as biomembranes 
derived from, tissue or cells in assays to be analyzed by single 
particle fluorescence detection analysis brings along issues 
dealing with the nature and heterogeneity of this material. Wh€m 
membrane preparations are generated from receptor-overexpress ing 
cells, the most probable situation will be that there are many 
receptor molecules on a single miembrane vesicle. For an analysis 
of fluorescent ligand binding to those receptors, the method 
according to the present invention is ideally suited because 
ic discriminates between particles which display different 
fluorescence intensities. Membrane vesicles are slowly m.ovri ng 



according to the 
of ligands bound 
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particles (mean diffusion time t^-.^ > 10 ms) in a low concentra- 
tion. Thus to attain a reasonable signal-to-noise ratio, the 
measurement times for these rare events have to be prolonged 
compared co nanomo] ar fluorophore solutions. In order to shorten 
measurement time and improve statistical accuracy, the effective 
volume to be analyzed had to be increased substantially without 
loosing the advantage of detecting single molecules. This has 
been achieved by introducing a beam, scanning device. Using a 
beami scanner also circumvents bleaching effects since the mean 
excitauion timie of a single vesicle is m.inimized by the movem.ent 
of the laser beam. 

The feasibility to quantify a biological interaction by the 
method according co the present invention is demionst rated using 
epidermal growth factor (abbr, EGF) binding to membrane vesicles 
from A431 hum.an carcinoma cells. These cells express n.O"' to 10'" 
epidermal grov/th factor receptors per cell . 

Membrane vesicle preparations 

Membrane preparations were carried out by cell disruption in 
a hypotonic buffer (20 mM Tris/HCl, pH 7 . 5 , 5 mM MgCl2) contai- 
ning protease inhibitors (leupeptin, aprotinin and PMSF) using 
a glass homogenizer and high-spin centrif ugat ion after removal 
of nuclei at low g force. 10% sucrose was added during the first 
centrif ugation step. The membranes were homiogenized in EGF 
binding buffer (20 mM HEPES pH 7 . 4 , 14 0 mM NaCl , 5 MgCl^r 
1.8 mM CaCl , 4.2 mM NaHCO, and 5.5 mM glucose) using a Branson 
sonifyer prior to the experiment. Protein contenc was determ.ined 
with bicinchoninic acid (PIERCE) to 0.504 mg/ml (A431). 

EGF binding studies 

Binding experiments using EGF labelled with tetramethylrhodamine 
(abbr. TMR) and A4 3 1 m^embranes were performed according to 
Carraway ec al , (J. Biol. Chem. 264:86 99,1989). Briefly, they 
were diluced v;ith EGF binding buffer and v.^ere incubated wi::h 
labelled ligand in 20 /il samples for 40 minuses at room tem^pera- 
ture. In competiricn exper im.ent s , membranes were incubated with 
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unlabelled EGF . Measurements of 30 seconds duration were carried 
out using one-dimensionai beam scanning at 25 Hz and an ampli- 
tude of 700 }im . 

rigure 10 shows a plot of the amount of 1 igand- receptor comple- 
xes in relation to the total ligand concentration. 

Figure 2.1 shows examples of intensity distiri but ions m.easured 
at certain concentrations of A431 vesicles. 

The y-axis of the intensity distributions in figure 1] is con- 
scrucued by multiplying the particle num.ber obtained for eaich 
mrensi'cy in the grid of intensities by the intensity of that 
grid point, nhus representing the contribution of particles at 
that intensity to the tonal intensity. It is preferred to choose 
this transformation as it emphasizes on particles v;ith high 
intensity, but low concentration which is the case for vesicles 
with bound ligand. In terms of particle numbers (concentration) , 
vesicles would only make a negligible contribution. 

Figure 11a shows the intensity distribution of the ligand alone. 
The ligand has an intensity of about 40 kHz/particle. In figures 
11 b-d, intensity distributions with increasing concentrations 
of vesicles are plotted. The increase of fluorescence from 
bright particles, i.e. vesicles with miany ligand- receptor 
comiplexes on them, is clearly visible. 

In order to quantify the degree of binding, one has to distin- 
guish betv^een unbound ligand and 1 igand- receptor complexes. 
Vesicles with several bound ligands are brighter than the ligand 
alone. Thus, a certain discriminating intensity I,, is chosen. 
Particles detected below this intensity are assumed to be ligand 
molecules, v/hile particles detected above this intensity are 
counted as vesicles with receptor - 1 igand complexes. 

Tne concentration C;, of free ligand is determined by summing up 
over all concentrations be lev.' the discriminating intensity: 
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v/;/,</. 

The concent-ration Cr,L 1 igand- receptor complexes is given by the 
assumption that a vesicle with n bound ligands has an intensity 
of n times the ligand intensity. Thus, an intensity component 
at an intensify I is from a vesicle with n = I / I^igand ligand- 
receptor comtplexes, and the concentration of these complexes 
is given by 

/, 



Ligand 

Now, the degree of complex formation is given by 

compl ex = 

This is plotted in figure 10 for the binding of labelled EGF 
to A431 vesicles. 



V/V /, > L 



Claims 



A method for characterizing samples having units, by 
monitoring fluctuating intensities of radiation emitted, 
scattered and/or reflected by said units in at least one 
measurement volume, the monitoring being performed by at 
least one detection means, said method comprising the steps 
of : 

a) measuring in a repetitive mode a number of photon 
counts per time interval of defined length, 

b) determining a function of the number of photon counts 
per said time interval, 

c) determ.ining a function of specific brightness of said 
units on basis of said function of the number of 
photon counts. 

A method according to claim 1, wherein said function of 
the number of photon counts per said tim.e interval and/or 
said function of specific brightness is a distribution 
function . 

The method according to claimi 1 and/or 2, wherein said 
units are molecules, macromolecules , dyes, molecular 
aggregates, complexes, vesicles, cells, viruses, bacteria, 
beads, centers, or mixtures thereof in solids, liquids or 
gases . 

The method according to at least one of the claims 1 to 
3, wherein said units can be grouped inco species which 
can be distinguished by their specific brightness. 

A method according to at least one of the claims 1 to 4 , 
wherein at least one species is luminescent, preferably 
fluorescent, and/or is ] umi.nescen t ly labelled. 
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6. A method according to at least one of the claims 1 to 5, 
wherein the luminescence properties of the units are varied 
by conjugating them with a first molecule, in particular 
biotin, which binds a luminescent ly labelled second mole- 
cule, in particular luminescent ly labelled avidin or 
strepcavidin , or vice versa. 



A method according to claim 6 wherein the first molecule 
is a {6xHis)tag and the second molecule is a luminescent ly 
label led Ni -NTA- derivatives . 



8. A m^euhod according to at least one of the claims 1 to 7, 
wrierein the luminescence properties of a unit are changed 
by energy transfer, in which energy absorbed by said unit 
is transferred upon close contact t:o a luminophore of an 
accepnor and subsequently emitted. 



S- A method according to at least one of the claims 1 to 8, 
Vv^herein said units each carry a number of binding sites 
for luminescent units. 



10. A method according to at least one of the claims 1 to 9, 
wherein the measurement volume is only a part of the total 
volume of the sample and has a volume < 10"'^^ '1, preferably 
< 10-'' 1 . 



11. A method according to at 1 
wherein said units are di 
Transported into and out of 
the sample is actively 
scanned . 



east one of the claims 1 to 10; 
ffusing and/or being actively 
said measurement volume and/or 
transported and/or optically 



12 . A method according zo at lea 

wherein the measurem.ent vol 

dimiensional carrier, in par 

sheet s having wel 1 s , or in 
capil lary system . 



st one of the claims 1 to 11, 
umes are arranged on a two - 
ticular on a mem.brane or in 
linear way, preferably in a 
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A method according to at least one of the claims 1 to 12, 
wherein a confocal microscope set-up is used, comprising 
at least one microscope objective, preferably with a 
numerical aperture > 0.9, for both focussing an incident 
laser beam and collecting radiation emitted, scattered 
and/or reflected by said units of said sample, a dichroic 
mirror, a pin-hole in the image plane of said microscope 
objective, a detection means, a data acquisition m^eans, 
and optionally means for scanning and/or actively trans- 
porting said sample. 

A method according to at least one of the claims 1 to 13, 
wherein said measurement volume is restri.cted by the use 
of elem.ents of near field optical microscopy, or their 
comoination v^ith conventional microscopy optics. 



A method according to at least one of the claims 1 to 14 , 
wherein fluorescence is induced using multiple photon 
excitation . 



A. method according to at least one of the claims 1 to 15, 
v;herein the parameters of a spatial brightness function 
characteristic for the optical set-up are determined by 
measuring numbers of photon counts per defined time inter- 
vals in a repetitive mode from radiation emitted, scattered 
and/ or reflected by a single species. 

A method according to at least one of the claims 1 to 16, 
wherein the dimiension and two-dimensional shape of the 
pinhole positioned in the focal plane of the m.icroscope 
is used as a modelling param^eter of the spatial brightness 
f unct ion . 

A method according to at least one of the clai.ms 1 to 17, 
v.'herein the convergence angle of the incident laser beam^ 
is used as a modelling parameter of the spatial brightness 
f unc t ion . 
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19. A method according to at least one of the claims 1 to 18, 
wherein the concentration and/or specific brightness of 
ac least one species of said units is determined. 

20. A method according to at least one of the claims 1 to 19, 
wherein said distribution of the number of photon counts 
is fitted using a priori information on the sample. 

21- A method according to at least one of the claims 1 to 20, 
v/herein said distribution of the num.ber of photon counts 
is processed by applying an inverse transformation with 
linear regularizat ion and/or constraints. 

22. 7k method according to at least one of zhe claims 1 to 21, 
wherein r,he experimental paramieters of the detection m.eans, 
in particular dead time and afterpulsing probability of 
the detection means, are determined by mieasuring num.ber 
of photon counts per defined time interval in a repetitive 
mode while the detection means is exposed to light of 
constant intensity or high frequency laser pulses. 

23. A method according to at least one of the claimis 1 to 22, 
wherein background count rate of the equipment is deter- 
mined. 

24. A m.ethod according to at least one of the claims 1 to 23, 
wherein the length of said time interval is in average 
smaller than the characteristic correlation time of radia- 
tion intensity fluctuations. 

25. A m.e"hcG according to at least one of che claims 1 to 24 , 
wherein the length of said time interval is selected to 
yield in average more than one, preferably one to cen, 
photon counts per said unit . 

26. A miethcd according to at least one of tihe cla:ms i to 25, 
wherenn the concentration of the sample or the size of the 
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measuring volume is selected to have in average no more 
than a few, preferably about one unit per measurement 
volume . 

27. A method according to at least one of the claims 1 to 26, 
wherein at least one individual unit is statistically 
analyzed in terms of its specific brightness which may 
fluctuate or change non-stochasticaliy . 

28. A method according to at least one. of the claims 1 to 27 
for use in high throughput screening, diagnostics, monitor- 
ing of polymerization, aggregation and degradation process- 
es, or analytics of nucleic acids. 
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Abstract 



A method for characterizing samples having units, by monitoring 
fluctuating intensities of radiation emitted, scattered and/or 
refiecced by said units in at least one measurement volume, the 
monitoring being perform^ed by at least one detection means, said 
method comiprising the steps of : 

a) measuring in a repetitive mode a number of photon counts 

per time interval of defined length, 
b; determining a function of the number of photon counts per 



ni saiG time interval, 

c) determining a function of specific brightness of said units 
U on basis of said function of the number of photon counts. 
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